During Dictyostelium discoideum spore germination, degradation of the cellulose-containing spore wall is required to allow the amoeba to emerge. The CeIA gene, which is transcribed and expressed exclusively during spore germination, codes for a 705-amino-acid protein that has cellulase activity [endo-(1,4)-13-D-glucanasel.
Dictyostelium discoideum is a favorable organism for studying macromolecular events coincident with and necessary for eukaryotic development. Depletion of the food supply sets in motion an orderly succession of developmental events (19) . New programs of gene expression allow the individual vegetative cells to enter the multicellular mode and subsequently form the fruiting body, containing two morphologically distinct types of cells, those in the stalk and those in the spores. Like other stages of Dictyostelium development, spore germination is a particularly suitable model for studying the regulation of gene expression. The transition from spore to amoeba is accompanied by developmentally regulated changes in both protein and mRNA syntheses (6, 13) and requires ongoing protein synthesis (4, 13) . The spore wall, which contains cellulose, needs to be digested for the release of amoebae to occur. A cellulase activity is expressed and secreted during Dictyostelium spore germination (3, 15) . It accumulates extracellularly, starting at about 40 min after the onset of germination, and the level increases steadily until it reaches a plateau at about 3 h into the process.
A number of germination-specific cDNAs have been isolated and sequenced (8) . One of these, the 270 gene family, is a group of four genes defined by the presence of a common tetrapeptide repeat of threonine-glutamic acid-threonineproline (TETP) (12) . Two of the members of the family, CelA (formerly called 270-6) and 270-11, are expressed solely during spore germination, the level of the respective mRNAs being low or absent in dormant spores, rising during germination to a peak at about 2 h, and then rapidly declining as amoebae are released from spores. The mRNAs are not found in growing cells or during multicellular development (9, 16) . The rapidity with which these transcripts accumulate and then disappear during germination implies that the respective gene products may be important for the process. We previously showed that the N-terminal domain of CelA has significant similarity to those of other cellulases (1,4)-p-glucanase (EC 3.2.1.4)] in the SWISSPROT data base (3) . In this communication, we report on the molecular cloning of different portions of the CelA gene, and we used the constructs to define catalytic and cellulose-binding domains (CBDs) and to locate the region in which the polypeptide is glycosylated.
Demonstration that the CeLA protein contains three functional domains. Cellulases are known to possess different functional domains, one that contains catalytic activity, another that is responsible for binding to crystalline cellulose, and a region that contains an amino acid repeat or is rich in proline and hydroxy amino acids and that connects the two other portions of the protein (2, 11) . To elucidate the molecular organization of CeIA, we cloned different portions of the cDNA into the pDNeo67 Dictyostelium integrating vector (5) and expressed them in growing amoebae. W and RI, which represent the full-length 705 amino acids and N-terminal 458 amino acids, respectively, were previously constructed and described (3) . pDdX, which was constructed by cloning a polymerase chain reaction-generated fragment encoding amino acids 1 to 576, thus encompassed the N-terminal region, including the entire TETP repeat. Vegetatively growing amoebae normally do not express CelA. However, when transformed individually by the above-described vectors, the amoebae secreted a single predominant polypeptide into the growth medium. The amounts of W, pDdX, and RI secreted into the growth medium were 70, 3, and 59 ,ug/ml, respectively. W and pDdX polypeptides were easily purified by passing the concentrated culture supematants over a 5-ml packed-volume succinyl-concanavalin A (ConA)-agarose column (Sigma, St. Louis, Mo.). The proteins bound to ConA and were eluted with 500 mM methyl-a-D-mannopyranoside (Sigma). RI polypeptide was purified by gel filtration on an LKB (Piscataway, N.J.) Ultragel AcA 44 sizing column (0.5 by 42 cm) equilibrated with 20 mM Tris-HCl (pH 7.5)-200 mM KCI. The proteins were >90% pure (Fig. 1 ). The apparent molecular masses of purified W, pDdX, and RI were 88, 74, and 45 kDa, respectively.
The purified proteins were used to assay for cellulase activity (27) with carboxymethyl cellulose (CMC) (a soluble cellulose substrate) and amorphous cellulose (7) the highly ordered parallel polyglucose chains in crystalline cellulose are ruptured by chemical treatment, resulting in a disordered form). The specific activities of W, RI, and pDdX on CMC were 39 + 3, 35 + 3, and 90 + 6 ,umol of glucose released min-1 mg of protein-1, respectively. W, RI, and pDdX were 10, 15, and 60 times less active on the complex substrate amorphous cellulose than on CMC (specific activities, 4 ± 0.6, 2.3 ± 0.3, and 1.5 ± 0.2 ,umol minmg of protein-1, respectively). It is noteworthy that none of the proteins were found to possess activity when Avicel (crystalline cellulose) or filter paper was used as a substrate (data not shown).
The apparent molecular masses of W and pDdX (88 and 74 kDa, respectively) were higher than those predicted on the basis of the amino acid compositions (76 and 63 kDa, respectively). These proteins were not phosphorylated (data not shown), but W and pDdX but not RI were purified by binding to ConA columns, suggesting that they were glycosylated. The data presented in Fig. 2 and obtained with periodic acid-Schiff reagent for the detection of glycosylated proteins in sodium dodecyl sulfate (SDS) gels (23) show that W stained with this reagent but that RI did not, indicating that W was glycosylated (pDdX also stained; data not shown). Treatment of W with peptide-N-glycosidase F (EC 3.5.1.52), an enzyme that removes N-linked glycosyl groups from proteins (1), did not affect its migration in SDSpolyacrylamide gel electrophoresis (PAGE) (data not shown), indicating that the protein did not contain N-linked glycosyl groups. Although circumstantial, the data suggested that glycosylation was 0 linked and that it was definitely located on the TETP repeat. Reactivity with ConA indicated a high a-D-glucose or a-D-mannose content (14) .
Many cellulases contain a catalytic domain linked to a CBD by a hydroxy amino acid "hinge" region (2, 11) .
Therefore, we wanted to test whether the amino acid sequence C terminal to the TETP hinge region was a CBID. The cellulose binding activities of all three purified proteins were tested by mixing them with 1 ml of 1% PH 101 Avicel (FMC Corp., Marcus Hook, Pa.) in 50 mM citrate buffer (pH 5.2) and determining the amounts that bound (10) . The data presented in Fig. 3 show that W bound to crystalline cellulose but that pDdX and RI did not. Quantitation of the gels by densitometer tracing demonstrated that 97% of W bound to Avicel, whereas only 16% of RI and 18% of pDdX did so. The data are consistent with the idea that CelA is organized like bacterial cellulases and is composed of distinct domains based on function and structure. A recurrent motif is that of a catalytic domain (either N or C terminal) connected to a CBD by a prolineand hydroxy 'amino acid-rich region (11, 20, 21) . CelA is a protein of 705 amino acids that can be divided into three parts, (i) a 461-aminoacid N-terminal region and (ii) a contiguous 91-residue amino acid repeat containing the motif TETP joined to (iii) a C-terminal 153-amino-acid sequence (3) . The N-terminal region possesses significant sequence similarity to avocado (26) , Clostridium thermocellum, and Pseudomonas fluorescens (11) cellulases, all of which are members of the E family of cellulases (2) . The three constructs of CelA (Fig. 3 , bottom) were designed to investigate the function of each domain. Construct W contained all 705 amino acids and was therefore identical to CelA; construct pDdX contained the N-terminal 576 amino acids, thus including the 461-aiminoacid N terminus and the 91-amino-acid TETP repeat (it also contained 24 amino acids from the 153-amino-acid C terminus and 8 amino acids derived from the vector); and construct RI contained only the N-terminal 458 amino acids, which encompassed almost the entire domain possessing cellulase similarity.
The truncated RI protein had activity equal to that of full-length CeIA (W) on a soluble substrate, demonstrating that the catalytic domain resided in the N-terminal 458 amino acids, and the TETP repeat and the C-terminal 153 amino acids were not required for enzymatic activity when CMC was used as a substrate. The CBD is most probably contained solely in the C-terminal domain because W bound to Avicel (crystalline cellulose) but pDdX and RI did not. However, since the CBD does not share similarity with other known CBDs (22), we cannot be certain whether other parts of the protein contribute to the CBD. Strict proof requires demonstration of the binding of the isolated domain itself.
It is noteworthy that the W protein was the most active of the constructs on amorphous cellulose, suggesting the possibility of a requirement for the CBD for optimal activity on complex substrates. Although CBDs are not essential for catalytic activity, they may enhance activity on insoluble substrates (11, 17, 25) . However, in this respect, it is peculiar that the W protein did not possess catalytic activity on Avicel (crystalline cellulose) or filter paper. True cellu- FIG. 3. Binding of CelA proteins to cellulose. Binding assays were performed as previously described (10) . The unbound, wash, and bound proteins were concentrated by filtration, fractionated on an SDS-polyacrylamide gel, and stained with Coomassie blue. Lanes: S, supematant after mixing with Avicel (unbound protein); Wa, wash protein; B, Avicel-bound protein; W, RI, and pDd (for pDdX), input proteins in amounts equivalent to the amounts that were added to Avicel (10 ,ug lase activity may require additional proteins, as has been shown in other systems (24) . A candidate for this activity may be the spore germination-specific 270-11 protein, which is known to share homology with bacterial CBDs (22) . This idea can be tested. CeIA is synthesized during spore germination. Our previously published data showed that CelA mRNA was found only during spore germination and was absent in vegetatively growing cells and during multicellular development (12) . To confirm that the CelA protein was made only during spore germination, we performed a Western (immunoblot) analysis of proteins made and secreted during spore germination and vegetative growth. Figure 4B (lane 1) shows that a protein that was secreted during spore germination reacted with an antibody made to RI. Because RI is not glycosylated, the antibody should be specific for the polypeptide and not react nonspecifically with the glycosyl groups, for which several Dictyostelium secreted proteins possess an epitope. Germinating spores from which the cellulase was secreted did not have appreciable cross-reacting protein (lane 2), nor was CelA present in dormant spores or in growing cells (lanes 3 and 4, respectively). It has thus unequivocally been shown that CelA is synthesized de novo during spore germination. It is known that other cellulases are present in spores and during germination (3, 15) . The zymogram (Fig.  4A ) of the same samples as those analyzed in Fig. 4B shows several proteins with cellulase activity, but only CeIA cellulase activity was exclusively found secreted during spore germination and was not cell associated (arrowhead to the left of lane 1). Since we have not yet isolated the other cellulases and thus cannot specifically measure their activities, we do not kriow whether they too are modulated during spore germination. Determination of their substrate specificities and putative roles in spore germination will await their isolation, which is now being initiated. Whether CelA is necessary for germination to occur or whether the cellulase system is redundant in germination is not known. These ideas can be tested directly by preparation of CelA gene interruptions or deletions (18 
